Series is a forum for stimulating discussion and eliciting feedback on ongoing and recently completed research and policy studies undertaken by the Asian Development Bank (ADB) staff, consultants, or resource persons. The series deals with key economic and development problems, particularly those facing the Asia and Pacific region; as well as conceptual, analytical, or methodological issues relating to project/program economic analysis, and statistical data and measurement. The series aims to enhance the knowledge on Asia's development and policy challenges; strengthen analytical rigor and quality of ADB's country partnership strategies, and its subregional and country operations; and improve the quality and availability of statistical data and development indicators for monitoring development effectiveness.
I. Introduction
Water pollution has emerged as one of the most serious environmental problems facing the People's Republic of China (PRC). It threatens human and ecosystem health, increases water treatment costs, exacerbates water scarcity, and ultimately will constrain the sustainability of the country's development. The results of monitoring more than 400 river sections around the country suggest that overall water quality remains poor, despite some moderate improvements in recent years ( Figure 1 ). By 2008, water quality in 45% of the monitored river sections was below class III, making them ineligible for drinking even after treatment, and 21% were too polluted for any use. 1 Annual surveys since 2006 have found that over one-quarter of drinking water sources in key cities have failed to meet standards. While water pollution is recognized as a top issue, most attention is given to stationary industrial polluting sources and domestic sewage discharge. Agricultural pollution-the largest source of surface water pollution (Zhang et al. 2009 ), consisting of nonpoint sources such as animal waste, and often located at upstream sources-remains unchecked and is generally out of control. As such, it represents a significant challenge to water pollution control in that upstream towns and villages and downstream cities are at different stages of development and have distinct development goals. Upstream towns and villages, which are often poor and lack income sources other than agriculture, prioritize improving agricultural production over preserving river water quality. Wealthier, more populous downstream cities increasingly demand clean air and water as well as other environmental amenities. Upstream pollution of the water sources jeopardizes downstream residents' access to safe drinking water.
Tension between upstream and downstream areas is therefore common in the PRC and in other countries. But the polluters-pay principle may not be appropriate in dealing with the nonpoint sources, both because the polluters have legitimate rights to develop, and because tremendous implementation and enforcement costs may arise when applying command-and-control measures or pollution levies. 2 Alternative policy instruments are desirable that align the incentives of both parties and offer the needed upstream help for making changes.
Payment for environmental services (PES) is one such instrument. 3 PES is an arrangement in which those who benefit from environmental services make payments to the service provider(s) to compensate for their efforts or foregone benefits. PES improves economic efficiency by creating voluntary market transactions to internalize the external benefits of environmental services. Environmental services amenable to PES schemes include watershed protection, forest and pasture conservation, biodiversity and species habitat preservation, and so on. In the case of watershed protection and upstream pollution control, the budget of the downstream cities and/or additional funds collected from water users' bills generally finance the payments. They are made when the environmental service is secured, such as when water quality improves to a certain level at pre-agreed locations.
Fuzhou City, at the downstream end of the Min river basin, and the upstream municipalities of Nanping and Sanming, provide a typical setting for studying PES. The Min River runs from the western mountainous areas of Fujian province eastward down into the East China Sea. It is the main source of drinking water for Fuzhou City's 2.3 million people. As the provincial capital, Fuzhou has an industrialized and diversified economy, while Nanping and Sanming are less developed, with a large number of villages and towns heavily reliant on livestock farming. Nanping alone hosts over 480,000 livestock farms and the business has been growing in both municipalities. Without proper discharge treatment, these livestock farms, especially the large ones, are the most important contributors to Min River pollution. As of 2003, the percentage of water graded class III or above in the Min River dropped to 83% from 96% in 2001 (Figure 2 ).
According to an official survey, 63% of Min River pollution in terms of chemical oxygen demand load and ammonia nitrogen load can be attributed to livestock pollution (Fujian EPB 2005) .
The Fuzhou government was faced with two options. 4 One was to seek alternative water sources aside from the Min River, although past experience suggested this could be prohibitively expensive. Fuzhou introduced water from the Ao River in the late 1990s to supply one-twelfth of its population living in Mawei and neighboring districts. But the project had cost CNY690 million, resulting in considerably higher water supply costs than from the Min River. The government therefore chose the second option: to finance upstream pollution control and reduction by building and operating waste treatment facilities for livestock farms. In 2005, it joined the Min River Environmental Protection campaign launched by the Fujian provincial government, 5 featuring a pilot PES program financing pollution control in Nanping and Sanming, particularly livestock, with a total of CNY50 million each year. The Fuzhou government contributed CNY10 million to the program, raising its contribution to CNY30 million in 2009 when the program was doubled (Fujian EPB 2009 4 Enhancing water treatment is not an option once water quality deteriorates below class III since it is the lowest level of water eligible for drinking after treatment. 5 The Min River was highly polluted before 1997. In 1992 only 30% of its water was classified as class III or above.
The Fujian provincial government launched its first Min River Environmental Protection campaign during 1998-2000 targeting industrial pollution from stationary sources. However, the water quality started to degenerate after it reached a peak in 2001, with most of the pollution contributed by nonpoint agricultural sources. 6 The rest of program funds before 2009 came from the Fujian provincial government (CNY30 million per year) and the Nanping and Sanming governments (CNY5 million per year each). In 2009, the provincial contribution increased to CNY60 million, while Nanping and Sanming's remained the same. Considering that the Min River protection also generated benefits to the province as a whole and the upstream cities, the funding from corresponding sources conceivably internalized these benefits.
While the government initiative was important for starting the process, it generated efficiency and sustainability concerns. While government budgets are financed by public revenues, payment using government budgets is not directly linked to water usage and, hence, to the WTP of individual beneficiaries. To better reflect the values of the environmental service and to be sustainable in the long run, it is recommended that PES programs be transformed from government financing to user financing (Engel, Pagiola, and Wunder 2008) . The basic idea of the latter is to raise extra funds through a water tariff increase and earmark the funds for upstream water pollution control.
A key element of the success of a user-financed PES program is determining the appropriate level of water tariff increment, which would depend on the mean WTP of residential water users for clean drinking water. As reviewed below, literature on the WTP for water quality of urban households is sparse. Moreover, WTP may vary with income level and other factors, such as water demand and pollution awareness. It is therefore necessary to obtain city-based WTP estimates. The primary contribution of this paper is to fill in this gap with reliable evidence from Fuzhou City. The results could be used not only to inform relevant policy makers, but also to provide reference information for cities with similar income levels and water resource constraints.
It is recognized that increasing a utility tariff is a politically sensitive issue almost everywhere in the world, and the PRC is no exception. In 2009, debate over proposed water tariff increases in numerous cities of various sizes at different income levels reached new heights. 7 Proponents of water tariff increases, mostly local governments and water companies, argued that current water tariffs are too low to recover the financial costs of water supply and wastewater treatment, let alone the environmental and resource depletion costs of water use. They also noted that other countries' water tariffs are higher and water expenditures account for a larger proportion of urban incomes than in the PRC. Opponents counter that a lack of transparency in utility operations makes it unclear what causes the financial deficiencies of the water supply companies and wastewater treatment facilities. When a utility is privatized, the public grows concerned that this will trigger a water tariff increase due to the initial high selling price of the utility or the undue profit demands of the acquisition companies. Although water tariffs appear lower and less income is spent on water in the PRC, per capita income level is also lower and a larger share of income has to be spent on food and housing than in the comparison countries.
These heated debates convey some important messages, but they do not necessarily foreshadow the rational choice people would make between a reasonable price increase and unsafe drinking water. Nor can they precisely inform policy makers of the prevailing valuation of residential water users for clean water sources. The design of the survey in Fuzhou allows us to investigate who would object to a proposed water tariff increase and what factors drive individuals' decisions, in addition to estimating the mean WTP for an upstream reduction in water pollution. Moreover, we analyze affordability and the distributional effects of a water tariff increase, which could shed light on some of the water tariff reforms under consideration.
In the rest of the paper, Section II reviews PES practice in and outside the PRC, in particular cases of watershed protection and water pricing and WTP for water services in the PRC. Section III introduces the survey methodology and the econometric models, and Section IV summarizes the data. Section V reports estimation results. The effects of income level and distribution on WTP, the costs and benefits of the Fuzhou PES program, and the affordability and welfare impacts of water tariff increases are discussed, based on the estimates. Section VI concludes. Scherr et al. 2006, and Uchida et al. 2007) has raised concern over the long-run financial sustainability of some national programs. It has been suggested that the problems with current PES practices lie partly in neglecting the roles of environmental service providers and beneficiaries in the transaction. In a PES driven by private players, the government could play a supporting role in creating and maintaining an enabling market environment (World Bank 2009).
II. Literature Review

A. PES in and outside the PRC
B. Water Tariffs and WTP for Water Services in the PRC
Urban water tariffs for residential use typically consist of two parts: a water supply fee and a wastewater treatment fee. To reflect the environmental value and scarcity of water resources, the water resource fee has been introduced into water tariff structures in recent years in some cities. But current water tariffs are still considered too low given that utilities' revenues do not fully cover financial costs in many cities (World Bank 2009). Subsidies using public funds are the sector norm. According to the National Development and Reform Committee, the average water treatment charge in the big cities is equivalent to two thirds of the treatment cost. A large number of cities still lack adequate wastewater treatment capacity. Water tariff reform featuring further hikes to water tariffs could send the right signals about the scarcity of water and induce more water conservation and efficiency in water use. Nevertheless, the optimal tariff structure, water users' WTP, and the equality of tariff reform, among others, are issues that need to be investigated carefully.
In the case of Fuzhou City, we need to know how much residents are willing to pay to upstream polluters for less discharge and better pollution control, whether the total WTP is adequate to finance upstream efforts in pollution reduction, and how a tariff increase based on the average WTP would affect the welfare of different income groups.
Compared to the large body of literature on WTP for water supply and quality in the developed and some developing countries (e.g., Viscusi et al. 2008 , Ojeda et al. 2008 , studies on the economic valuation of water services and clean water from the demand side are quite limited in the PRC. The World Bank sponsored a contingent valuation study in Chongqing City, one of the biggest in the western PRC. Wang et al. (2008) analyze the survey data on WTP for better water service among 1,500 households. The survey used a multiple-bounded discrete choice model, which asked respondents to indicate their levels of acceptance with respect to a list of potential water prices. 9 The analyses show that the average WTP is between CNY2.5 to CNY3.3, or 14% to 50% greater than the existing average tariff of CNY2.2. WTP is lower in absolute terms in poorer households, but as a percentage of income it is higher than the existing average. About 20% of households strongly reject a moderate price increase and the rejection rates go up with the proposed water tariff, even though the average economic burden is no higher than 2.1% of income. The authors conclude that water tariff reform that aims at a price increase could be successful if a subsidy is applied to the poor, and public awareness and accountability are raised. To the best of our knowledge, there is no evidence on WTP among the Chinese for protecting water sources through upstream pollution control.
III. Methodology
A. Survey Design
To estimate residents' WTP for water source pollution control, a contingent valuation (CV) survey is designed following the CV practice protocol recommended by the National Oceanic and Atmospheric Administration panel (Arrow et al. 1993) . The survey employs in-person instead of telephone-based or web-based interviews, aiming for more precise information and less uncertainty in the responding sample. The questionnaire contains five sections: survey background and purpose; household demographic and socioeconomic profiles; water consumers' perception of water quality; and WTP elicitation and debriefing. The interview begins with an introduction in which the following scenario is described: the majority of residential piped water comes from the Min River, whereas public funds for pollution treatment fall short because pollution sources are numerous and widespread in the broad upstream area. If additional revenues could be generated from a tariff increase for piped water, upstream farmers would be paid for pollution control, and downstream water users would benefit. The hypothetical commodity for which interviewed households are asked to pay is described as the avoidance of a deterioration of Min River water to below class III of GB3838-2002 from the present class III.
The WTP is elicited through two sequential questions in a referendum format. First, the respondent is asked whether he/she is willing to see an increase in the water tariff if extra funding needs to be raised through an increase in the water bill to treat Min River pollution, in particular to treat the nonpoint pollution from the upstream livestock industry. Those answering "no" are asked to choose from a list of reasons or give their own reasons. Those answering "yes" are then asked whether they are willing to pay a specific increase on top of the current tariff. The bid of the increase for each interview was randomly selected from five possibilities, i.e., 0.1, 0.3, 0.6, 0.9, and 1.2 (CNY/ cubic meter). These bids range from 8% to 100% of the existing base water supply fee (excluding CNY0.85 /cubic meter of wastewater treatment fee) and from 5% to 59% of the base total water tariff. The survey reminds respondents to take into account the implied increase in expenditure, proportion of the water bill increase in total monthly expenditure, and potential alternative uses of the money. Once asked, the interviewer informs the respondent of the existing water tariff divided into base water fee and wastewater treatment fee. To confirm the answer, after the respondent answers yes or no, an open-ended question follows asking for brief reasons for approving or not approving the proposed increase.
B. Survey Administration
A total of 14 enumerators (eight female and six male undergraduates from local universities or graduates from China Agricultural University in Beijing) were trained to conduct interviews. The training aimed to have the enumerators understand the purpose of the survey, become familiar with the survey instrument, and acquire and share survey techniques. The questionnaire was also refined during the training. The following activities were included in the training:
(i) discussion of the purpose of the survey
(ii) explanation of the CV method and enumerator rules recommended in ADB (2007) (iii) discussion of the questions in the questionnaire (iv) specific discussion of the WTP elicitation question and how to ask it (v) discussion of how the survey data would be used in the final analysis (vi) role-playing where some enumerators act as interviewees
The draft questionnaire was pretested with 20 respondents, revealing some deficiencies and leading to important changes, including, among others: shortening the opening introduction from 5 to 2 minutes; asking about incomes in brackets rather than exact numbers; clarifying that housing area refers to construction area; 10 obtaining the respondent's precise address from the enumerators rather than from the respondents; and using the local dialect in interviewing elderly respondents.
The 14 enumerators were divided into four teams, each with a coordinator whose responsibilities included onsite supervision of interviews and revisiting selected samples. During onsite supervision, the coordinator ensured the completion of interviews, answered unusual questions encountered by team members, and reviewed the completed questionnaires before leaving the site.
The survey was targeted at four urban districts of Fuzhou City that draw their drinking water from the Min River-Gulou, Taijiang, Cangshan, and Jinan-excluding the Mawei district, which obtained its water from an alternative source. Since little evidence was found suggesting significant differences across districts, a neighborhood-level stratification sampling frame was adopted. By the end of 2008, there were a total of 292 neighborhoods hosting 543,133 households in these four districts (Fuzhou Statistical Bureau 2009). Although efforts were made to access all neighborhoods, some were very difficult to reach and thus were missing in the sample. The survey, in the end, covered 256 neighborhoods for a coverage rate of 87.7%.
Given budget and time constraints, the planned sample size was 750. Interviewers conducted the survey on 7-14 July 2009 and collected 777 responses, accounting for about 1.43% of the population. The coordinators conducted random revisits to 37 households, about 5% of the sample, either by telephone interview or in person. Two interviews done in a park near the neighborhood, which could not be verified, were removed from the sample, leaving 775 valid observations.
C. Econometric Models
The primary question this study attempts to answer is how much an average household would be willing to pay to control water source pollution through a PES system. The sequential structure used to elicit WTP yields three categories of households. The first is those unwilling to pay a water tariff increase at all, putting their WTP theoretically at or below zero. 11 The second is willing to pay a surcharge less than the tariff increase proposed to them in the survey, putting their WTP between a range bounded by zero and the price increase bid. The third approves of the proposed specific tariff increase, implying a WTP above the bid. Following Hanemann, Loomis, and Kanninen (1991) , an interval regression model can capture the joint probability of the sample households revealing themselves into respective categories, and thus estimate the mean or median WTP for upstream pollution control delivered by a PES system, as well as the impacts of individual and household characteristics on the WTP.
Assume y i * is the latent WTP of individual i for water quality improvement, which we do not observe directly. What we observe is the WTP interval that y i * falls into. The two-step WTP elicitation process can be formulated as follows: in the first step, individuals would reveal their WTPs between intervals ( , ] −∞ 0 and ( , ) 0 ∞ ; in the second step, those whose WTPs fell in ( , ) 0 ∞ were asked to further reveal their WTPs into interval ( , ) 0 α i or [ , ) α i ∞ , where α i is the random bid of water tariff increase presented to individual i . Thus, y i * is narrowed down to one of the three mutually exclusive intervals, i.e.,
α i ∞ denoted by 1, 2, and 3 respectively. Let d ij , j = 1 2 3 , , , be indicator equal to 1 if y i * falls into interval j and 0 otherwise. The probability of observing i 's responses is
Modeling the latent WTP as a sum of deterministic and stochastic elements:
where the deterministic element is a linear combination of household characteristics, X i , and
. Then the probability becomes
1 .
The log-likelihood function for the joint distribution, which is to be maximized by MLE, is
IV. Data
Among the 775 valid households, those with respondents below age 17, missing important explanatory variables (e.g., income), or having inconsistent responses were dropped from the sample. The final sample consisted of 757 households. The dropped observations had little influence on the descriptive and regression results. Table 1 reports means and standard deviations of respondent characteristics for the whole sample and approval or nonapproval of a water tariff increase. The average age of respondents was 47. Among the respondents, 40% were male, 39% had a high school diploma, and 20% a college or higher degree. An average household had 3.7 permanent residents living in an area of 94 square meters. Monthly water consumption was 16 cubic meters. Monthly disposable incomes was between CNY1,000 and 6,000 (about US$147-882, respectively. When asked about perceived water quality, 11% of the respondents said piped water was not good, and 34% ranked the water quality of the Min River as not so good or bad.
Regarding water tariff increases, 326 respondents, or 43% of the sample, said they would not approve. Among them, 123 said the government should be responsible for pollution mitigation; 22 attributed the responsibility of cleaning water to water companies; and 31 attributed the responsibility to upstream polluters. High water tariffs or low income was another major reason for rejecting the proposal. Among respondents, 194 said that either the water tariff was already high or an additional water charge would be a burden. A considerable portion of respondents (44) were concerned with the effectiveness of the tariff increase on pollution mitigation. They doubted that the money would be used for reducing upstream pollution. Examining individual and household characteristics between households agreeing and disagreeing with a water tariff increase, we found that significant differences exist in age, gender, and education of the respondents, as well as in household income and living space. People who agreed with the idea of a water tariff increase were on average younger, more likely to be male, better educated, and come from wealthier families with a more spacious residence than those who disagreed. More respondents who would accept the water tariff increase had an impression of bad water quality for the Min River but not for piped water. While this comparison is informative, some characteristics such as household residence and income are highly correlated. We present the regression results below to see how each characteristic affects the attitude toward a water tariff increase when other characteristics are controlled for. One objective of our analysis was to infer citywide residential WTP for upstream water source pollution control through PES. Therefore, it is critical to have a sample representative of the population of city residents. Table 2 show that the average sample household is nearly 20% bigger than that in the yearbook and has a 40% larger per capita housing area. The differences are statistically significant and unlikely to be explained by the time gap between the sample and the yearbook because family size in the city was quite stable in the past decade. The survey asked about apartment construction area, which is generally 20-40% bigger than the actual living area in the PRC. The gap could be reconciled in cases where the yearbook reports living area. Nevertheless, a sampling error due to oversampling of large households might be the primary cause. Although households in the sample appear to have more living space, income data do not suggest that they are wealthier than the population on average. To get a point estimate of mean household income, we assign the midpoint and the upper bound of the income bracket chosen by the respondent as household income. Sample mean income based on the midpoint is accurate if respondents report their incomes precisely and the income distribution is symmetric around the midpoint within each bracket. However, considering the multiple income sources of some households and the conservative tendency among Chinese about revealing their incomes, applying the upper-bound value of each bracket to calculate the sample mean may provide a more reliable estimate. The sample mean income based on midpoint is CNY14,839 per capita per year, which is CNY4,300 or 20% less than the mean in the yearbook and which is statistically significant. The mean income gets very close and statistically indifferent to the yearbook average when calculated using the bracket's upper-bound value. The difference diminishes to only CNY500, or 3% less than the average reported in the yearbook. Since household income rather than number of residents or housing area is the most important determinant of WTP and affects WTP positively, as shown in the following regressions, our estimates are likely to capture the WTP of the population. Finally, water consumption is strikingly consistent between the sample and population. An average sample household spends CNY10.25 per capita every month on piped water while the figure in the yearbook is CNY10.5. This result, together with the income data, raises a fair degree of confidence in the data set and the estimation results. To further pin down the WTP of those amenable to the water tariff increase proposal, a specific price increase was suggested to them. It was important to have the bids randomly distributed across respondents to obtain unbiased estimation of the models. We conducted an F-test to check the balance of bids distribution among various individual and household characteristics. As shown in the last row of Table 3 , the numbers of respondents receiving different price increase bids are nearly equal. The F-tests demonstrate that the bids are well balanced for all the characteristics except for gender and perception of the Min River's cleanliness, suggesting overall randomness of bids distribution.
The internal validity of the contingent valuation survey requires that the proportion of respondents who accept the proposed price increase declines with the bid. The second to the last row in Table 3 presents a test of this condition. The proportions decrease monotonically from 96.5% with bid CNY0.1 to 82.1% with bid CNY0.3, and so on. When the proposed price increase doubles the base water supply fee and equals 60% of the prevalent total water tariff, only 36% of the respondents would approve the increase. Given that 43% of the entire sample objected to raising the water tariff, these results suggest that about 55% of the households would accept a CNY0.1 increase and 20% would accept a CNY1.2 increase. The F-test indicates that the decline is statistically significant and the survey passes the simple scope test. It is also interesting to note that the reasons for approving or disapproving the price increase are quite homogenous. Most people who favor the increase generally expect health and environmental benefits from water quality improvement. The main reason for rejecting the bid is that the proposed price increase is too large. Some respondents said they would accept a price increase in the range of CNY0.1 to CNY0.5. This outcome is encouraging in that it suggests that the respondents took budget constraints seriously in answering the survey questions. 
V. Results
This section reports estimation results related to WTP for upstream water source pollution control through PES. First, we examine what explains one's position with respect to the water tariff increase proposal (response to the first WTP question). Second, we look at what roles the tariff increase bid as well as other characteristics play among those who favor the increase in accepting a specific amount of tariff increase (response to the second WTP question). The two questions are modeled with separate Logit models. With the sequential structure of WTP elicitation, however, people who answered both questions and those who answered "no" on the first question and therefore did not proceed to the second are not two independent subsamples. To estimate WTP for the entire sample, we need a model that integrates both groups and employs all the information available from the two WTP questions. In the third step, we use an interval regression model, as described in the previous section, to achieve this goal.
A. Separate Logit Models
Column (1) of Table 4 represents a simple Logit model with the dependent variable being whether one approves of a water tariff increase in general. While the summary statistics show that significant differences in individual characteristics such as age, gender, education, and perception of the Min River quality exist between people holding opposite opinions, the differences are gone in the multivariate analysis. The most important factor that affects people's position is household income. According to the regression estimates, the probability of approving the water tariff increase rises by 17 percentage points when one household's income increases from the lowest bracket of CNY1,000 or below (the omitted group) to the bracket between CNY1,000 and CNY2,000. 12 The approval probability for households in the top two income brackets (monthly income greater than CNY8,000) is 30 percentage points higher than that for households in the bottom bracket. It is also noted that the effects of higher income on the acceptance of water tariff increases is not smooth. The share of positive responses shoots up for households with income above CNY4,000 and for those with income above CNY8,000. Other household characteristics, except household size, are not important in the model. Household size has a small, negative impact on respondent's choice, which probably reflects the income effect in per capita terms. Columns (2) and (3) present results from Logit models that take the subsample of respondents who approve of a water tariff increase and examine their responses to the specific bid of the tariff increase. In the first model (Column (2)), a set of dummies is used for the bids, with the lowest bid of CNY0.1 omitted. The second model includes quadratic terms of bids. Results indicate that WTP for water source pollution control declines with the additional payment required to cover the cost. Holding other variables constant at sample means, the probability of respondents approving a CNY0.3 increase in water tariff is 50 percentage points lower than that of a CNY0.1 increase, even though they all agree to pay something to control pollution. The decline is monotonic and slow with a higher bid (positive coefficient for the second-order term in column (3)). Both models confirm that the survey generates data that pass the test of internal validity conditional on other observables. However, these estimates should not be treated as those from a singlebounded CV sample because the subsample on which the estimates are obtained is screened by the first WTP question. An alternative model resolving the issue will be presented next. Variables such as age, gender, water consumption, income, and perception of river water quality also affect one's response. For instance, households consuming more piped water are less likely to accept the same amount of tariff increase than households consuming less water, everything else remaining the same. Again the information should be taken with caution as they do not represent the impacts on the WTP for the whole sample.
B. Interval Regression for WTP
Column (4) in Table 4 reports estimates of an interval regression model for the WTP of the survey sample. For individuals who opposed increasing the water tariff, the WTP is assumed to be less or equal to zero; for those rejecting the proposed tariff increase, the model assumes the WTP between zero and the bid; and for those favoring the increase the WTP should be equal or greater than the bid. Thus, the interval model is able to fully utilize the information available from the sequential WTP questions, and yield unbiased, efficient estimates for the entire sample.
The pattern of column (4) is highly similar to that of column (1): income is the most important factor, in both economic and statistical terms, that determines one's WTP for upstream pollution control. This result is consistent with the findings in Chongqing (Wang et al. 2008 ). On average, households with monthly incomes between CNY1,000 and CNY4,000 are willing to pay CNY0.50 more per cubic meter of piped water than households earning less than CNY1,000. Households with incomes between CNY4,000 and CNY8,000 and above are willing to pay CNY0.80 and CNY1.10 more, respectively, than the lowest income households. Moreover, the effects of income on the WTP appear to be discontinuous. About four income groups can be identified: those with monthly income below CNY1,000; between CNY1,000 and CNY4,000; between CNY4,000 and CNY8,000; and above CNY8,000. Households share similar valuations of water quality improvement within each group and have distinct valuations across groups. The strong role household income plays in forming WTP presents at least two policy implications. First, a city's aggregate WTP for upstream water source pollution control could be highly correlated with the city's income level and perhaps income distribution, too. Second, a welfare-enhancing policy to increase residential water tariff must take into account households' unequal income levels and better be accompanied by a reasonable subsidy or transfer plan. We elaborate on these two implications below. Table 5 presents the predicted WTP mean for the whole sample as well as for different income groups. For an average household-all characteristics valued at sample means-the mean WTP for water source pollution control through PES is estimated to be CNY0.21, equivalent to a 10% increase from the current water tariff, or CNY2.05 per cubic meter. The 95% confidence interval for the mean WTP is (0.117, 0.306). The total annual WTP can be obtained for the whole city by extrapolating the estimated mean WTP of the population. Given a total of 543,133 households in the four districts of Fuzhou, whose drinking water comes from the Min River and whose water consumption per month per household is 15.88 cubic meter, the total annual WTP of the four districts amounts to CNY21.8 million. 13 The confidence interval ranges from CNY12.1 million to CNY31.7 million per year. a Annual total water consumption is the product of monthly water consumption per household; total number of households (543,133); sample share; and number of months per year. Note: The predictions are based on the model estimated in column (4) of Table 4 . Individual and household characteristics other than income are valued at sample means or subsample means for each income group. Table 5 shows that the mean WTP varies considerably with income level. 14 For the lowest income group, the predicted mean WTP is negative and statistically different from zero.
13 As a life essential, the own price elasticity of drinking water is small. Zhang et al. (2007) estimate the price elasticity of residential water demand across different income groups in Beijing and find that it falls between -0.6 to -0.8, except for households in the top 20%. Applying these figures, our calculation assuming zero price elasticity overstates the total WTPs by 6-8%. Also note that column (4) in Table 4 shows that respondents did not give much weight on actual water consumption in answering the WTP questions. 14 The mean WTP for each income group is calculated with other characteristics valued at the means of the group subsample.
The mean WTPs for income groups between CNY1,000 and CNY4,000 are CNY0.01 and 0.08, respectively. They are smaller than the mean WTP of the sample and are not statistically distinguishable from zero. Noticeably, households within this income range account for more than 50% of the population. WTPs increase substantially for those with monthly income exceeding CNY4,000. For households earning CNY4,000-8,000, the mean WTP is equal to about CNY0.45. For incomes greater than CNY8,000, the mean WTP jumps to around CNY0.80.
In light of the great influence income has on WTP for water pollution control, we conduct two simple numerical experiments to explore how the mean WTP is associated with income level and distribution. Because we only know which income bracket each household belongs to, it is difficult for us to shift the actual income of each household or to change the income distribution while holding average income level constant per se. In the first exercise, we look at a scenario where each household moves up the income bracket above its current bracket except for the top bracket. As a result, 5.4% of households now earn CNY1,000-Y2,000 per month; 22.1% of households earn CNY2,000-4,000, and so on. This approximates a 43% increase (CNY26,723 vs. CNY18,631) in annual average per capita income when the upper bound of each bracket is assigned to the households in the bracket. Holding other characteristics fixed, the simulation suggests that the predicted mean WTP would increase to CNY0.36 with the confidence interval of (0.23, 0.49). The mean WTP increases by CNY0.15 or 70% as compared to the WTP for the current income, which implies an income elasticity of WTP greater than one. The total WTP should go up more because water consumption has a positive income elasticity.
The second exercise is concerned with the effect of income distribution on the mean WTP. First, if the lowest income bracket households were all to move up to the next income bracket, i.e., CNY1,000-2,000, the mean WTP would increase to CNY0.24. Note, however, that the income gap is reduced due to poverty reduction (income level change) in this case. Second, we consider a scenario where income inequality is enlarged. Suppose that 5% of households in bracket CNY4,000-6,000 were moved down to the brackets below CNY1,000 (2.5%) and between CNY1,000-2,000 (2.5%). Another 5% of households from the bracket CNY4,000-6,000 were moved up to the bracket CNY8,000-10,000. By symmetry, the average income level is roughly unchanged. Our model suggests that the mean WTP would change little in this scenario, which is more or less expected since the high-income households' higher WTP would offset lowincome households' lower WTP. The simulation, though illustrative rather than conclusive, suggests that a city's mean WTP for water pollution control is affected more by income level than by income distribution.
C.
Cost-Benefit Analysis for the Fuzhou PES Program 15
It is estimated that the total investment needed for Nanping livestock farms pollution control is CNY410-464 million for fixed costs and CNY27 million for annual operations and maintenance costs (ADB 2009 ). This includes installing and operating waste treatment facilities for 544 large and medium livestock farms and setting up householdbased biogas systems involving 480,000 small farms. Cost information for Sanming City is missing and we assume the same amount of fixed costs and operations and maintenance costs. The net present value of the costs of the Min River upstream pollution control, with 6% discount rate and project lifecycle of 25 years, is around CNY1.5 billion.
Suppose that the 2009 PES financing frame is maintained for the provincial government and upstream governments, which pay a total of CNY70 million to the program every year. Nevertheless, Fuzhou City pays CNY22 million, which is equal to the total WTP financed by additional water utility revenue, instead of the current CNY30 million from the city's budget. Further assume that the total WTP grows 8% annually, which is reasonable and conservative given the prospective income growth leading to higher average WTP and water consumption growth. The PES scheme will be economically viable with net present value ranging from CNY35 million to CNY137 million. 16
D. Affordability and Distributional Issues
Affordability of water bills, especially to low-income residents, is an issue policymakers have to take into account in water tariff reform. We measure affordability with percentage share of income spent on domestic water. Because the actual income figures are missing, we imputed with the middle-point income as the income level for households in each bracket. The second column of Table 6 shows the results of dividing average household monthly water bills by the imputed incomes. Water expenditure is almost negligible for households earning CNY4,000 or more and accounts for 1-2% of income for those within the CNY1,000-4,000 income bracket. However, for the poorest households, 4.5% of income needs to be spent on water. With a flat-rate increase in water tariff, the poor would be affected more in terms of affordability. The income share for water would reach 5% for the poorest if water tariff were raised by CNY0.21 (third column), while the shares remain below 1% for those earning more than CNY4,000 per month.
In view of the fact that the lowest three income groups accounting for 60% of the population have mean WTP less than the sample average, any reform to increase the 15 The following calculation is illustrative as a number of assumptions and simplification are adopted. Not taken into calculation are the potential development benefits foregone by the upstream cities, investment already made in pollution management, and actual benefits other than safe drinking water for Fuzhou. These factors and choice of parameters will affect the results in both ways. 16 The PES will be sustainable even if the overall scale of the program downsizes by 15% to CNY 85 million per year, which means that the payments made by the provincial government and upstream government could downsize by 10% or CNY7 million in addition to CNY8 million reduction in Fuzhou's contribution.
water tariff by the average WTP needs to be combined with some public transfer in order that people are not made worse off. A water bill subsidy based on household income equal to the difference between the price increase and mean WTP (zero if mean WTP is negative) could achieve this goal. That means a subsidy of CNY0.21, CNY0.20, and CNY0.13 per cubic meter of water consumption for incomes below CNY1,000; CNY1,000-2,000; and CNY2,000-4,000, respectively. The last column of Table 6 shows the amount of subsidy needed for each of the three groups every year, which are CNY0.76, CNY4.52, and CNY4.16 million, respectively. A total amount of about CNY10 million is sufficient to ensure that lower-income households are not made worse off by the water tariff increase of CNY0.21 per cubic meter. The negative figures for other income groups represent the consumer surplus left from the reform. The government may exploit this part of benefits to make the reform self-financing. A simple computation indicates that when the water tariff is raised by CNY0.27, the government could have sufficient revenue to compensate for the welfare loss of the lower income households in addition to the total WTP calculated at the mean WTP. 
VI. Conclusion
Through a contingent valuation survey involving more than 770 households in four districts of Fuzhou City, we estimate the mean WTP of Fuzhou residents for water pollution control administered by upstream cities to prevent the water quality of the Min River from falling below class III. The survey elicited WTP with two sequential dichotomous questions. The first asked respondents about their willingness to have a water tariff increase, and the second asked those who would accept a general water tariff to respond to a specified tariff increase proposal. Data show that 43% of the sample would not approve of a water tariff increase, with economic burden the primary reason, while a significant proportion were concerned about government or the water utility's responsibility in providing clean water as well as the effectiveness of public revenue utilization. Regression results indicate that household income is the most important factor in determining a respondent's position on a water tariff increase. Households with monthly income of CNY1,000-8,000 (accounting for 85% of the population) are 17-26% more likely to approve of a water tariff increase than households earning CNY1,000 or less. Both summary statistics and a Logit model on respondents answering the second WTP question demonstrate that the survey is internally valid in that the probability of approving the specific price increase bid declines with the bid value.
We use an interval regression model to estimate WTP for upstream pollution control. Again, income plays a key role in determining a household's WTP. Households with monthly income below CNY1,000 have negative mean WTP, while households earning CNY1,000-4,000 (60% of the population) are willing to pay around CNY0.50 more than households with income below CNY1,000. The mean WTP for the whole sample is estimated to be CNY0.21, higher than the mean WTP of households earning less than CNY4,000, and lower than that of households earning more than CNY4,000. Simple simulations show that the mean WTP is mainly influenced by income levels with an income elasticity greater than 1. Based on the mean WTP estimate, the total annual WTP of Fuzhou City for upstream pollution control is approximately CNY22 million. Maintaining investments from provincial government and other sources and assuming a 25-year project lifecycle with 6% discount rate, an annual payment equal to the total WTP-CNY8 million less than Fuzhou City's current contribution-is sufficient to sustain the ongoing PES. The finding suggests that the scale of the Min River basin PES can be reexamined with investment needs for upstream pollution control verified. Changing the funding source to water utility revenues from the government budget could improve the program's economic efficiency.
While water tariff reform with continuous water tariff increases is seen as essential for the PRC, our analysis points to the importance of considering the impacts of a tariff increase on different income groups in the reform. In Fuzhou's case, water expenditure is a burden for the lowest income groups, and the mean WTP of households earning less than CNY4,000 per month is below the average WTP of the whole population. A 10% water tariff increase based on the population's WTP will push the bottom households' burden up by about half a percentage point, and result in welfare loss for more than 60% of households. 17 A water bill rebate given to eligible households based on their incomes is desirable so as not to make the water tariff increase hurt low-income families. An alternative approach, more commonly seen in reality, is a combination of moderate increase in base water tariff, enlarged tariff differences in block pricing, and lump-sum subsidies for the poorest households (such as those with monthly income below CNY1,000).
Although PES is increasingly practised as an effective mechanism in dealing with the externality of environmental and ecosystem services, a few issues related to PES are still open for research and policy discussion. PES will be efficient when the transaction cost is relatively low compared to the service benefits. Many institutional factors, not just the numbers of service buyers and providers, affect transaction cost. Thus, the design of a PES scheme has to be tailored to local systems, including the capacity to minimize transaction costs. Moreover, even if the PES is voluntary and user-financed, governments will still play a critical role in designing the program, monitoring service delivery, and enforcing the contract.
Our estimates of mean WTP could be used as a reference point for other PRC cities with similar size and income level. One caveat, however, is that the PES scheme is clearly specified in the survey. Payment for upstream farmers reducing their pollution should be the rationale underlying the responses to the WTP questions. Therefore, our results may be more applicable to some cities than others that motivate water tariff reform differently (Bulte et al. 2005) . It is of interest to see how responses vary with different rationales for a water tariff increase.
